the case of the glycoprotein, where it often appears to be associated with the B1 transition. In fact, with the addition of 0.15 M NaCi at various pH's, the denaturation temperature of G is markedly reduced and occurs close to the Al transition. The response of G denaturation to pH and salt might be explained by proposing multiple structural domains for G which contribute to the A, as well as B1 or B transitions.
Vesicular stomatitis virus (VSV) is a simple enveloped virus readily grown in continuous cultures of baby hamster kidney (BHK) cells and other cell lines. The major structural proteins of the virion are three virus-coded polypeptides, which together account for > 90% of the viral protein. The viral envelope consists of a bilayer of lipids derived from the plasma membrane of the infected host cell during budding, and a single glycoprotein, G, mol wt -65,000 (1) . A second major viral protein, the matrix or M protein, is a nonglycosylated polypeptide, mol wt 27,000. The N protein (mol wt -50,000) associates with the RNA genome to form the viral nucleocapsid.
Recent experiments utilizing VSV temperature-sensitive (ts) mutants and viral pseudotypes have shown that M protein is essential for the budding of virions or virus-like particles from the plasma membrane of an infected cell (2) (3) (4) . Specific functional interactions between M protein and viral nucleocapsids, and between M protein and patches of membrane containing G protein, are implied by these findings. This paper summarizes experiments in which wild-type (wt) VSV and ts mutants with lesions in the M protein (ts M) were compared under conditions where the mutant M protein was functional; the differences found reflect permissible alterations that maintain M protein function. Four different ts M mutants were routinely studied and all gave qualitatively the same results in all the experiments described; for brevity, results for a single mutant are reported here. Temperature stable revertants were found to revert to wt behavior, indicating that the altered property of the ts M mutant was related to its phenotype. These experiments are reported in detail elsewhere' (5, 6) .
RESULTS

M Protein-Membrane Interactions
Labeling of Intact Virions with "5I-Iodoaphthylazide (INA). The hydrophobic photoreactive probe INA partitions preferentially into hydrophobic regions, most notably the interior of lipid bilayers (7, 8) . It has been successfully used as a probe for membrane-associated proteins (9) (10) (11) (12) . We (Table III) . This suggests a decreased association between M protein and nucleocapsids in intact ts M virions (7). M-Nucleocapsid Affinity After Disruption with Nonionic Detergents. M protein is an effective inhibitor of the RNA polymerase activity of the nucleocapsid (mol) of VSV (14) . In wt VSV or in ts M revertant preparations, much higher concentrations of salt are required to reverse this inhibition, i.e., to disrupt the M-nucleocapsid interactions, than in ts M preparations (Fig. 1) . This indicates that M protein has predominantly electrostatic interactions with functional nucleocapsids; these interactions are apparently weakened by mutation to a ts M form (6) . The filamentous bacterial viruses (Ml 3, fd, f1) provide an exceptionally good model system for studying factors that govern the insertion of proteins into membranes. 2,700 copies of the viral B protein are arranged with helical symmetry around the circular single-stranded DNA to form a long filamentous virion so tightly constructed that it is impervious to detergents, urea, proteases, and heating. However, during phage penetration, this tight association is somehow altered to allow insertion of the phage coat protein into the cell membrane and release of the viral DNA. In vitro studies have shown that isolated B protein can be incorporated into synthetic lipid vesicles as the vesicles are formed, and that maximum incorporation occurs at the phase transition temperature of the lipid (1). However, isolated B protein does not insert into preformed lipid bilayers. Apparently, in vivo, the construction of the virion facilitates insertion of the protein into the membrane, but this insertion mechanism has been difficult
